Purpose: With age, the dysfunctions in somatosensory system cause increases in postural sway. It is not known how static and dynamic balance parameters and postural sway are affected after Total Knee Arthroplasty (TKA) in elderly people. The aim of this study is to investigate the effects of age on static and dynamic postural balance after TKA.
Balance is the ability to control the body in static and dynamic positions with the least muscle activity against changes in the center of the body gravity (1, 2) . In postural changes related to static and dynamic balance, the body's adaptation mechanism is important, because this mechanism contributes to the healthy maintenance of functional activities of daily living (3).
Degeneration of a joint due to osteoarthritis causes decreases in joint function and proprioceptive sensation (4.5) . The goal of the total knee arthroplasty (TKA) performed due to knee degeneration is to increase the functional activity level of the patient, and to stabilize the joint by reducing the pain (6) . The knee joint which regains its function and balance after TKA increases the patient's independence level (7, 8) . Defects in the nervous system and musculoskeletal system due to the advancing age cause a risk of falling in patients with osteoarthritis (9) . Studies in the literature indicate that somatosensory system contributes to balance control. With age, the dysfunctions in somatosensory system cause increases in postural sway (10, 11) . Evaluation of the degree of postural sway and static-dynamic balance parameters in elderly patients is extremely important in terms of the interpretation of the functional results after TKA (12) .
While there are studies investigating the age-related differences in functional activities of patients with OA or TKA, our search for studies investigating age-related changes in balance after TKA demonstrated a gap in the literature. The aim of our study is to determine the changes in static and dynamic balance parameters in patients younger or older than 65 years after TKA.
METHODS Patients
The study included 54 patients who underwent TKA due to knee OA. Of them, 26 (mean age=57.03±5.85) were in Group 1 and 28 (mean age=69.39±3.69) were in Group 2. The inclusion criteria operative knee was classified as Grade 3 and 4 according to the Kellgren-Lawrence classification in the patients undergoing TKA. Exclusion criteria are; (a) patients with chronic liver disease, chronic INTRODUCTION kidney disease, neurological and locomotor system disorders, and malignancy, (b) patients with cognitive and mental disorders, (c) patients with heart disease, uncontrolled hypertension or rhythm disturbances, (d) patients with balance and visual impairment, (e) rheumatoid or septic arthritis, and (f) revision knee prosthesis. The study included patients who underwent TKA in Dokuz Eylül University School of Physical Therapy and Rehabilitation, Movement and Balance Analysis Laboratory between October 2003 and November 2008.
Operative Technique
All the patients underwent a surgery performed by the same surgeon in which the same type of prosthesis was implanted through the paramedian incision (NexGen, Zimmer, USA).
A physical therapist (SB) evaluated the patients' postural sway using the Balance Master test device. All tests were conducted 6 months after TKA. In the MTSCIB test, the subject was tested on the force platform made of a soft sponge at a certain level, with the eyes open and eyes closed (in 4 different positions). In this test, postural oscillation angles of the patient were calculated. In addition, at the end of the test, the mean value of four tests was recorded. In the LOS test, the patient was asked to position the gravity center by placing orders on 8 different points shown on the screen while standing on the platform, and to maintain the position. In this test, values such as speed of movement, reaction time, the end point reached with the movement control, and the maximum distance reached were calculated.
In the RWS test, the patient's ability to rhythmically transfer the gravity center between two fixed points from right to left, and from backward to forward on the computer screen is tested. The patient was asked to imitate the movements shown on the computer screen by moving his body from right to left, and from backward to forward at 3 distinct speeds (slow, medium, and fast). In this test, parameters such as movement speed and motion control were assessed (11, 13) .
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RESULTS
During the study, no patients died or were excluded. It was determined that there were differences in both groups of patients in terms of age, body weight and BMI (Table 1 ). In the MCTSIB test on a firm surface (eyes open, and eyes closed), there was no significant difference between the groups (p>0.05) (Figure 1 ), but in this test on a foam, Group 1 patients had lower postural sway than did Group 2 patients (p<0.05) (Figure 1 ).
In the sixth month after surgery, Group 1 patients had high scores on directional control, end point excursion and movement velocity in LOS test compared to Group 2 patients (p<0.05) ( Table  2) . A significant increase was found in RWS parameters of Group 1 patients such as directional control (right-left), and on axis velocity (front-back) in the sixth month (p<0.05) ( Table 3) .
DISCUSSION
Postural stability is an important aspect of functional outcome after TKA, and balance problems may develop in TKA patients after surgery due to the losses in to proprioceptive sensation caused by excision of the knee cruciate ligament, weakness of knee flexors and extensors, limitation of knee flexion (14) . With advancing age; visual, vestibular and somatosensory inputs reduce and, as a result, a physical and/or functional decline develops, and the balance deteriorates (15, 16) . Therefore, we investigated static and dynamic postural stability of TKA patients using the Balance Master test device, and compared these results in patients under and over the age of 65. This study is the first one comparing TKA patients under and over-the age of 65 in terms of static and dynamic balance.
In our study, planned to investigate the changes in static-dynamic balance parameters of TKA patients under and over the age of 65 six months after the surgery, it was determined that age was an effective factor in balance parameters of TKA patients. It was determined that patients over the age of 65 mostly tried to maintain their static and dynamic balance with postural sway, and that their static and dynamic balance was significantly worse than the static and dynamic balance of the patients under 65 years of age.
In parallel with the advancing age, the increases in postural oscillation angles bring about postural changes (17) . In elderly individuals, in addition to decreased motor responses and sensory inputs, visual and vestibular disorders, slowed reaction times, reductions in reflexes cause progression in balance disorders (10, 11) . In their study, Mirka et al. (18) reported that balance disorders develop in visually impaired elderly individuals and that there were increases in postural oscillation angles. Colledge et al. reported that, in age-related changes in postural sway, proprioceptive stimuli are more effective on the balance parameters than are visual stimuli (19) . In the literature, there are no studies which evaluate standing (upright) balance parameters after TKA in terms of the age factor. Studies have been mostly carried on passive joint position sense, types of prosthesis etc. (20) . In our study investigating age-related balance differences in TKA patients, the evaluation of the static balance revealed that while there was no difference between postural sways of the patients under and over the age of 65 due to the loss of visual stimuli on the hard surface, older patients experienced more postural sway on the soft surface after the loss of visual stimuli. Both visual stimuli and joint position sense are of importance in maintaining postural stability (21) . In TKA patients, when visual stimuli are accompanied with factors such as the soft surface which lead to a decline in the sensory input, the static balance may deteriorate. This finding is similar to the findings of other studies in literature conducted on healthy individuals or individuals who have not undergone any joint surgery (11) . Therefore, according to the results of our study, when the relationship between TKA patients' age and static balance parameters is considered, surface modifications or factors which reduce sensory input in the lower extremities play a more prominent role in determining the parameters of static balance than do the visual inputs. It is considered that joint position sense and proprioceptive senses misled by the soft surface in the eyes closed position might cause an increase in the postural sway. After TKA, patients over the age of 65 maintain their static balance on different surfaces mostly through the postural sway; therefore, balance training to be given to these patients should be performed on different surface modifications. We suggest that, in addition to visual inputs used to improve the static balance of patients in this age group, exercises which increase the sensory input in lower extremities (e.g., proprioceptive exercises, balance boards, etc.) should be included in physiotherapy and rehabilitation programs after TKA. In order to maintain daily activities successfully, patients should have sufficient control on dynamic balance and motion.
Dynamic balance is the ability of a person to balance while in motion, such as walking, climbing up the stairs, and standing up from a chair. It includes the different movement patterns of everyday life and the integrity between these patterns. The balance control is dynamic when the person is in motion. Thus, the dynamic balance has a more complex mechanism than does the static balance. Balance parameters decrease due to joint movement limitations, muscle strength losses, proprioceptive sensory losses and dynamic.
The LOS test, one of the dynamic balance parameters, was used to assess motor control ability, which refers to how well a subject can lean or shift weight over a stable base in a controlled manner. This test is used to test patients' capabilities to carry out motion control and to stay at the end point reached with the changing center of gravity (23) . In LOS tests, our results showed that Group 1 and Group Adequate QF muscle strength plays an important role in the maintenance of activities of daily living and dynamic balance.
Regaining of the QF muscle strength in the first months after TKA is important in the maintenance of these activities (24) . The LOS test findings mean that elderly patients have impaired motor function. Therefore, we think that lower extremity strengthening exercises may contribute to the dynamic balance too.
The RWS is one of the important tests that demonstrates the person's ability to control the gravity center and assesses the dynamic balance (22) . In the RWS test, Group 2 patients had significantly lower left/right directional control and on-axis velocities than did Group 1 patients; however, front/back control on-axis velocities and directional control results of patients of Group 1 and Group 2 were similar. These findings mean that Group 2 patients have poorer dorsiflexion and plantar flexion movements or muscle of the ankle joint. In order to perform static balance analysis of the TKA patients with RWS more clearly, we consider that the assessment of the ankle joint (muscle strength, ROM, etc.) is important in these patients. This was one of the limitations of the study.
The findings of LOS and RWS tests were important in that they demonstrated that functional deficiencies in the structure of dynamic balance particularly resulting from the age-related decrease in the central nervous system inputs, and proprioceptive sensation in elderly TKA patients continued after TKA. Therefore, we consider that balance assessment and training should be included both in the treatment, and in the assessment of TKA patients.
The clinical results of this study indicate that, after TKA, elderly patients are more disadvantaged than patients under the age of 65 in terms of the static and dynamic balance. Therefore, when planning physiotherapy programs after TKA, it is important to comprehensively evaluate balance parameters from the onset of preoperative period through the postoperative period by taking the age factor into consideration. It was concluded that balance assessment might be a guide while proper balance training programs are planned in order to prevent complications such as falls etc. likely to occur after TKA due to increased postural sways caused the weakness in the general locomotor system, and lower limb muscles in elderly patients.
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